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FIELD OF INVENTION 

This invention relates to the use of automated technology in the high throughput 
screening of chiral stationary phases (CSPs) to identify an optimum CSP for the 
5 separation of a given racemate. This invention addresses two problems: 1) identifying a 
suitable CSP for a particular racemate and 2) identifying a suitable solvent system for 
chromatography using the selected CSP for the chiral separation of the given racemate. 



i!K6 



BACKGROUND OF THE INVENTION 

10 One of the most convenient and accurate means of separating chiral compounds 

into their respective enantiomers is Uquid chromatographic resolution on chiral stationary 
phases (CSPs). Many studies have been done on developing new and more efficient 
CSPs over the past several decades. One important goal still remains the same - to find 
CSPs which have the ability to separate a wider range of racemic compounds. Interest in 

15 the chemistry of chiral stationary phases has grown steadily over the past two decades, 
due to the increasing need for single enantiomer drugs. This is due to the fact that one 
enantiomer sometimes turns out to be highly toxic while the other enantiomer is effective. 
Many chromatographic techniques, especially high performance Uquid chromatography 
(HPLC) with CSPs, have been used to achieve direct enantiomer separation. Most of the 

20 various CSPs used today in HPLC were developed and commercialized over the past two 
decades. 

With the increase in understanding of interactions and modeling, CSPs can be 
designed and synthesized for optimum separation. Enantiomer separation is very easy 
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when a column uses a CSP specific to a certain enantiomer. There are many products 
available today, commercial and from literature, where a promising CSP can be found for 
a particular separation. 

Early chromatographers employed a limited number of readily available like 
5 adsorbents paper, wool, silk, alumina, siUca etc to perform the separations. Today, 
researchers are faced with another problem. They are provided with a large number of 
commercially available separation materials. Even in the domain of chiral stationary 
phases there is a wide variety of commercial CSPs available. To comphcate this, the use 
of combinatorial synthesis and exploration of new CSPs is becoming widespread 
Ijl 10 recently. With so much varieties to choose from, the chemist is faced with a problem of 

selecting a suitable CSP for the separation of a given racemate. 
l2 There are several methods of screening of CSPs to find an optimum CSP for the 

fu resolution of a particular racemate. However, none of these methods are automated, 

p Many of the initial efforts at screening of CSPs involve tethered analytes for the 

P 15 evaluation. One recent method employed by Regis Technologies hic. mvolves 
y incubation of the CSPs with a solution of racemate and investigating the supernatant 

solution for the selectivity. All these prior techniques are difficult for automation and 
repetition of the experiments. 

20 
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SUMMARY OF THE INVENTION 

The present invention relates to a process of screening solid candidate selective 
adsorbants such as CSPs for differential adsorption of components of a mixture 
containing two or more components (analyte), for example, a racemic mixture. 
5 In one embodiment, the method involves a process using multiple-well devices. 

In one embodiment, a fritted 96- or 48-well plate (SP Plate) is used. The multiple wells 
are loaded with distinct stationary phase. Thereafter, the stationary phase is covered. In 
one embodiment, the stationary phase is covered with a frit. A solution of the candidate 
mixture that needs to be separated is brought into contact with the stationary phases in the 

!J 1 0 well device. In a preferred embodiment, the solution is transported using a Hquid handler 

K or any other suitable automatic liquid dispensing system. The sohition is then allowed to 

drain gravitationally. In a preferred embodiment, a stacked multi-well plate structure is 

fIJ used wherein the SP Plate is positioned above a 96- or 48-well collection plate. 

JP Moreover, in a preferred embodiment, the environmental conditions, such as pressure and 

!Hf 15 temperature, are predetermined. 

v. The concentration change in the components of the analyte are then analyzed. In 

one embodiment, this is performed by either manually or robotically moving the 
collection plate to an analyzer (such as an HPLC system) and analyzing the components 
of the analyte. In an altemate embodiment, the analyzer is moved either manually or 
20 robotically to the collection plate. 

Thereafter, the results from the analyzer are analyzed. hi a preferred 
embodiment, the stationary phase showing the greatest selective adsorption is 
determined. The chemist may use the selected stationary phase which was shown in the 
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original experiment to have the greatest adsorption. In an alternate embodiment, the 
chemist may use an iterative process whereby new experiments are chosen based on the 
best stationary phase or based on an analysis of some of the better stationary phases. In 
particular, other variables, such as choice of CSP, choice of solvent, solvent percentages, 
5 temperature md pressure may effect adsorption. These other variables may be varied in 
order to find optimal conditions for separation. 

The manner in which to fmd the optimal conditions may be performed either 
manually or automatically. New experiments which include different values for the 
variables (such as different choice of CSPs, solvents, different solvent percentages, etc.) 

10 may be chosen for the next set of experiments. These different values for the variable 
may be determined in a variety of ways. In one embodiment, the different values may be 
chosen either automatically or manually based upon the stationary phase showing the 
greatest selective adsorption. For example, the CSPs in a first experiment may be 
analyzed to determine which is the best in terms of adsorption. CSPs may then be chosen 

15 for the next set of experiments based on characteristics which are common to the CSP 
which was judged best in the first set of experiments. As another example, the stationary 
phase showing the greatest selective adsorption will have a choice of solvent, solvent 
percentage, etc. For the next set of experiments, different solvents, which have similar 
properties to the solvent used in the original experiment, may be chosen. Moreover, 

20 solvent percentages which are in the range of the solvent percentage used in the original 
experiment may be chosen for the next set of experiments. Alternatively, solvent 
percentages which are chosen automatically at random may be used for the next set of 
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experiments. Thereafter, the next set of experiments are run and the results, using the 
analyzer, are evaluated to determine the optimal conditions. 



I: 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The following discussion will make reference to the accompanying drawing 
figures, wherein like reference numerals refer to like elements in the various views, and 
wherein: 

5 Figure 1 is a diagram of the components of a preferred workstation for 

implementing the invention. 

Figure 2 is a block diagram illustrating the flow of commands and data between 
the computer and synthesizer, robotic arm and product analyzer of Figure 1. 
Figures 3a-3c are perspective views of a well in the plate. 
10 Figure 4 is a cross section of the stationary phase plate and collection plate, 

j'':^ Figure 5 is an additional block diagram of the computer, synthesizer, robot, and 

analyzer. 

III Figure 6 is a flow diagram for an exemplary embodiment of the automated design 

"I 

P of experiments. 

y 15 Figure 7 is a block diagram ilhistrating the computational analy^sis, particularly 

Ji diversity analysis, used to evaluate a large library of potential CSPs. 

Figures 8 A-5F are an additional flow chart of the sequence of steps in performing 
the preferred optimization routine using the equipment of FIG. 1 . 
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DETAILED DESCRIPTION OF THE PRESENTLY 
PREFERRED EMBODIMENTS 

A. System Overview 

5 In this description, a novel apparatus and process is disclosed for screening solid 

candidate selective adsorbants such as CSPs for differential adsorption of components of 
a mixture containing two or more components (analyte), for example, a racemic mixture. 
In one embodiment, the stationary phase showing the greatest selective adsorption is 
determined by analyzing a single set of experiments. In an altemate embodiment, 
10 optimimi conditions for the based on an iterative process using multiple sets of 
experiments. The iterative process may be performed either manually or automatically. 
Automatically, a machine may perform the repetitive procedures involved in process 
development in order to increase the efficiency with which data can be collected and 
analyzed. 

15 A preferred workstation for implementing the invention is shown in Figure 1 . The 

workstation 10 includes a synthesizer 12 having a block 14 and a block 15. In one 
embodiment, the synthesizer 12 is a liquid handler. Block 14 is a stationary phase (SP) 
plate and has, for example, 96 or 48 wells 16. Block 15 is a collection plate and is 
positioned below Block 14. Block 15 has, for example, 96 or 48 wells 17. Referring to 

20 Figure 4, there is shown a cross-section of the stationary phase plate 14 and the collection 
plate 15. The stationary phase plate 14 has, in one embodiment, unique stationary phase 
in each of the wells (i.e., stationary phase which is different fi-om well to well). The 
stationary phase in each of the wells is placed between a first fiitt 52 and a second fiitt 
56. In one embodiment, the stationary phase plate is "recyclable," containing a Hbrary of 
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solid phases that can be integrated into an automated system. In particular, the packed 
stationary phase plate is reused again and again in order for efficient screening. Ease of 
use is one of the benefits of using a stationary phase plate that allows the use of 
prepacked stationary phase plates. The collection plate 15 is positioned below the 
5 stationary phase plate 14 such that the nozzles at the lower portion of the wells of the 
stationary phase plate 14 are approximately centered relative to the wells which are 
below in the collection plate 15. As discussed subsequently, solution dispensed into the 
SP Plate is allowed to drain gravitationally into the collection plate. 

In experiments which require adjustment of the temperature, the synthesizer 12 
J! 10 may be equipped with a temperature control system for adjusting the temperature of the 
^ block 14, so as to control the temperature of the wells 16. In the present example, the 

U Gilson 215 Uquid handler was used. Preferably, tiie temperature control system has the 

m capability of controlling the temperatures of the wells individually, so that the separation 

P conditions in the wells 16 can be customized. A source 22 of nitrogen or argon gas is 

P 15 connected to the synthesizer 12 via a conduit 24, which enables a control of the 
|1 atmospheric conditions above the wells. 

The synthesizer 12 further includes a robotic arm assembly 26 which has pipetting 
capability for selectively adding quantities of a distinct stationary phase, frits, a solution 
of the candidate mixture into the wells 16, as discussed subsequently. The robotic arm 
20 assembly 26 includes an X-Y drive mechanism 28 or other suitable means for controlling 
the position of the pipetting tip portion 30 of the arm assembly relative to the wells. 

In one embodiment, the analytical functions are performed by an analytical 
instrument 40 for conducting analysis of the products. The analytical instrument may 
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include an HPLC system (for example, a chiral HPLC system). Alternatively, the 
analyzer may include a polarimeter. 

As discussed subsequently, samples from the collection plate can be either 
manually loaded into the analytical instrument 40, or loaded automatically with the 
5 assistance of suitable robotic arms or other equipment, represented by robot 50 in Figure 
2 or other suitable mechanical system. 

The operation of the synthesizer 12 and analytical instrument 40 may be 
controlled by a computer 42, as shown in the block diagram of Figure 2. The computer 42 
regulates the environmental conditions in the synthesizer 12 such as by controlling the 
10 temperature of the wells 16. The quantity aud type of components added to the wells are 
I? also controlled by the computer 42, as is the position of the arm 26 relative to the wells 

l2 16. The computer 42 further initiates and controls the analysis in the analytical instrument 

fU 40, and receives the analytical data fix)m the instrument 40. In one embodiment, the 

jP computer 42 further implements a design of experiment program (DOE) that is used to 

?f 15 identify the optimal separation conditions or parameters, as described below. It will be 
I; understood that some or all of the control functions of the computer 42 may be integrated 

into one or more of the individual components of the system 10. Where the products are 
automatically loaded into the product analyzer 40, the computer 42 controls a robot 50 to 
perform this task. 

20 An additional block diagram of the computer, synthesizer, robot, and analyzer is 

shown in Figure 5. The computer 42 contains a processor 64 which communicates with 
non-volatile (read only memory, ROM 68) and volatile (random access memory, RAM 
70) memory devices. The processor 64 also has a comparator 66 for comparing values. 
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The processor 64 executes a computer program. The computer program is stored in the 
ROM 68 and executed either in the RAM 68 or the ROM 70. 

The processor 64 communicates with various subcomponents of the synthesizer 
12, the analyzer 40 and the robot 50. The synthesizer, in one embodiment, contains a 
5 temperature control system which controls the temperature of each of the individual wells 
of the block. The processor sends a command to the temperature control system 
specifying a certain temperature for a particular well. 

The synthesizer also may contain an atmospheric regulator 78 which protects the 
components in the wells if the components are sensitive to oxygen or water or other 
5S 10 materials m the environment in proximity to the well. Nitrogen or argon gas is dispensed 
Jfl from the source 22 through the conduit 24 based on a valve which is controlled by the 

valve motor 80. The valve motor is controlled by the processor 64. 
rtJ The synthesizer further contains a drive 28 for moving the robotic arm assembly 

si 

P 26. As described above, the robotic arm assembly 26 has pipetting capabihty for 

fi 15 selectmg, obtaining and dispensing one or more components. The pipetting capability is 
performed through a pipetting mechanism 74 which draws components through the 
pipetting tip portion 30 and stores one or more components in the robotic arm assembly 
26. Subsequently, the one or more components are dispensed via the pipetting mechanism 
74 into the wells. Both the drive 28 and the pipetting mechanism 74 are controlled by the 
20 processor 64. 

The analyzer 40 and robot 50 are in commimication with the processor 64 as well. 
The processor 64 controls the drive 72 of the robot 50 which extracts samples from each 
of the wells. The samples are transferred to the analyzer 40 which analyzes one aspect of 

McDonnell Boehnen ^ ^ 

Hulbert & Berghoff 
300 S. WackerDr. 
Chicago, IL 60606 



the mixture including the product, the reactants, and any contaminants. Altematively, a 
robotic arm may move the analyzer so that the analyzer may examine the sample or the 
robotic arm may extract samples and place the samples in a separate well-block for off- 
line analysis. 
5 B. Methodology 

The following is a method according to one embodiment of the present invention. 

Step 1: 

In this process, a fritted 96- or 48-well plate (SP Plate), plate 14 in Figure 1, is 
loaded with a suitable amount of a distinct stationary phase (SP) in each well. Then the 
jjj 10 stationary phase in the well is covered with another frit snugly just above the stationary 
C phase. Figures 3A and 3B show perspective views of two individual wells in the well 

s 

plate. A first fritt 52 is placed at the lower portion of the individual wells 16. Stationary 
III phase 54 is added to the individual wells and a second fiitt 56 is added, as shown in 

Figure 3C. 

H 

IJ 15 Step 2: 

|1 Using a hquid handler or any other suitable an automatic liquid dispensing 

system, a solution of the candidate mixture that needs to be separated is brought in 
contact with the stationary phases in the SP Plate 14. 
Step 3: 

20 The solution thus dispensed into the SP Plate 14 is allowed to drain 

gravitationally into a 96/48 -well collection plate (collection plate) 15 placed under the SP 
Plate 14. 
Step 4: 
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Then the collection plate 15 is moved either robotically, using robot 50, or 
manually to a system that would detect the concentration change in the components of the 
analyte, e.g., an HPLC system (see block 40 in Figure 1) to analyze. The gravitational 
filtration of the analyte through the stationary phase results in equilibration and/or 
5 interaction with the stationary phase. This interaction results in a change in the 
concentration of the one of the components of the analyte mixture. 
Step 5: 

The stationary phase showing the greatest selective adsorption is selected. At this 
juncture the aaalytical chemist may either use the selected stationary phase for the 
10 separation of the given mixture or studies further to find optimum conditions for 
separation, i.e., further studies for the solvent effects (altematively, one may iterate to 
determine a better CSP, as discussed subsequently). 
Step 6: 

An SP Plate 14 containing the selected stationary phase in all the wells is prepared 
r: 15 as in the step 1 and placed in a Uquid handler. The analyte is dissolved in 96 or 48 
if J different solvent systems and steps 2 through 4 are repeated, i.e., the analyte is dispensed 

using the automated liquid dispensing system into each well of the SP plate and allowed 
to gravitationally filter down into the collection plate, placed under the SP plate. The 
collection plate is then removed to an analytical system that would detect the 
20 concentration change in the components of the analyte. 
Step 7: 

The best solvent system that shows the greatest selection for one of the 
components is selected. At this juncture the analytical chemist has an option to either 
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proceed with the separation of the mixture using the selected stationary phase and the 
selected solvent system or repeat the above steps 2 through 7 to find a better stationary 
phase using the mformation obtained at each step. The process may be repeated until the 
analytical chemist is satisfied with the results. 

5 Automated Design of Experiments 

In one embodiment, the analytical chemist may use design of experiments (DOE) 
in order to find a better stationary phase and better solvents, percentage solvents, etc. 
Referring to Figure 6, there is shown a flow diagram for an exemplary embodiment of the 
automated design of experiments. Referring to block 82, the stationary phase plate is 

10 prepared. In one embodiment, the automated design of experiments is an iterative 
process wherein values for the first set of experiments are chosen and values for the 
subsequent experiments are generated automatically. The values for the first set of 
experiments (in step 1, as defmed above) may be chosen through a variety of ways. For 
example, the values may be chosen manually by the operator. Altematively, given the 

15 range of values for the variables, the values for each of the 96 initial experiments may be 
chosen randomly or periodically with the range of values available. The different 
variables in the set of experiments include: the choice of stationary phase, the choise of 
solvent(s); the percentage of solvent(s); the pressure; the temperature; the addition rate 
(rate at which the racemic mixture is added); etc. For example, a random selection of 

20 solvents or a random selection of percentage of solvents may be used in the initial 
experiments. In one embodiment, the initial stationary phases that are placed in the wells 
are of different values (i.e., all of the wells have different stationary phases). 
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Thereafter, experiments may be performed, as done in steps 1-3, and the results 
may be evaluated, as done in step 4 using an analyzer 40. Referring to block 84, the 
solution of the candidate mixture is brought into contact with the stationary phases. The 
solution is allowed to drain in the collection plate, as shown at block 86. At this point, 
5 the results are compiled and analyzed, as shown at block 88. In one embodiment, in 
order to design the next set of experiments, the data compiled in step 4 is analyzed to 
determine common characteristics of a desired response. The analysis determines, based 
on the data, common characteristics within the set of experiments and is performed 
automatically by the computer 42. For example, if the data compiled in step 4 ranks the 
E 10 samples from best to worst, the analysis would determine the common characteristics of 
S the better samples. Moreover, once a statistical analysis of the data is performed, the 

'h-r. 

ii statistical analysis is then transferred (either manually or automatically) to a means for 

W designing the next set of experiments. Thereafter, the values for the new set of 

F? experiments (inchiding the stationary phase(s) used, the type(s) of solvents, the 

g 15 percentage(s) solvents, the temperature, the pressure, the addition rate, etc.) are chosen, 
m as shown at block 92. The concept of statistical design of experiments (DOE) may 

therefore be apphed to aid in experimental design, hi one embodiment, the stationary 
phase showing the greatest selective adsorption is chosen as the stationary phase to be 
placed in all of the wells in the stationary phase plate for the next set of experiments. The 
20 types of solution and percentages of solution may then be varied. Alternatively, the top 
four (or some other number) of stationary phases showing the best selective adsorption 
may be chosen to be placed in the stationary phase plate for the next set of experiments, 
with other variables (such as types of solvents, and percentages of solvents, etc.) being 
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varied as well. In still an alternate embodiment, the characteristics of the "best" 
stationary phase(s) in the first set of experiments may be analyzed, and similar stationary 
phases may be selected for the next set of experiments. For example, there are thousands 
of potential stationary phases available. These stationary phases may be classified by 
5 their characteristics. Some characteristics include, but are not limited to, the following: 
hydrophobic, hydrophilic, basic, acidic, neutral, polar, non-polar, etc. A specific 
stationary phase may be classified by one or more of the above characteristics. In a first 
set of experiments, the characteristics of a stationary phase showing the greatest selective 
adsorption may be analyzed to select additional stationary phases for fiiture experiments. 
JJ 10 For example, if a specific stationary phase showing the greatest selective adsorption is 
% hydrophobic, other stationary phases which are characterized as hydrophobic may be 

hi selected for fiirther experimentation. Likewise, if a stationary phase which shows the 

W greatest selective adsorption is classified as a combination of characteristics (for example, 

!R hydrophobic and basic), other stationary phases with sunilar characteristics (such as 

ft 15 hydrophobic, basic or hydrophobic and basic) may be selected for fiirther 
1^ experimentation. The classifications of the stationary phases may be stored in a look-up 

table in ROM 68 and may be accessed by processor 64 to determine the stationary phases 
for the next set of experiments. 

Moreover, other variables in the experiments may be varied for the next set of 
20 experiments. For example, the pressure is typically not adjusted during experimentation 
and the separation is performed using gravity. However, pressure may be adjusted to 
determine whether selective adsorption is increased. As another example, the 
temperature of the experiments is typically at room temperature. Likewise, the 
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temperature may be adjusted to determine whether this affects the selective adsorption. 
Alternatively, the temperature may be maintained at constant temperature (e.g., room 
temperature). As still a further example, the addition rate may be modified to determine 
whether this affects selective adsorption. As shown in Figure 5 with arrow 94, the 

5 process is iterative. 

Referring to Figure 7, there is shown a flow diagram for an altemate embodiment 
of the automated design of experiments. Specifically, Figure 7 is a block diagram 
illustrating the computational analysis, particularly diversity analysis, used to evaluate a 
large library of potential CSPs. An optimal CSP is first determined, firom the potential 

10 CSP library. Thereafter, optimal values for other variables (e.g., solvents, solvent 
percentages, etc.) are found, as discussed subsequently with respect to Figure 8A-8F. 
Referring to block 

Computational analysis, particularly diversity analysis, may be used to evaluate a 
large "virtual library" of potential CSPs, as shown at block 94 in Figure 7. For example, 

15 the structures of thousands of CSPs may be analyzed using a commercial software 
application called Diversity Analyzer (which is manufactured by Molecular Simulations, 
Inc. in San Diego, Cahfomia), which compares the thousands of CSPs and provides an 
output that describes how "similar" or "different" they are with respect to one another. 
One may then select a smaller library, perhaps containing 100 of the CSPs, that fairly 

20 represents all sections of "diversity space", as shown at block 96 in Figure 7. Thus, in 
this example, the 100 selected CSPs would be loaded in each well. Further, the dissolved 
racemic mixture is added to the wells, and thereafter solvent is added, as shown at block 
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98 in Figure 7. Typically, when attempting to determine the optimal CSP, the solvents 
for placed in each of the wells is not varied. 

After an appropriate time period, aliquots are removed from the collection plate 
15 and analyzed using an analyzer (such as a chiral HPLC analyzer), as shown at block 
5 1 00. The enantiomeric purity of the samples removed from the collection plate is 
determined. If the sample is completely pure from an enatiomeric basis, one may 
determine that the optimal CSP has been found, as shown at block 102. Alternatively, 
one may determine the aUquot with the best enatiomeric purity and evaluate the virtual 
library in order to generate suggested CSPs for future experiments. For that CSP which 
Ti 10 produced the best enatiomeric purity, alternate CSPs may be chosen (based on design of 
S experiments) in order to iterate to determine the optimal CSP to produce enatiomeric 

U purity. As discussed above, CSPs may be classified based on certain characteristics. The 

iU characteristics of the CSP which produces the best enatiomeric purity may be matched 

fi with other potential CSPs in order to generate suggested CSPs for the next set of 

1J 15 experiments. Alternatively, the structure of the CSP which produces the best enatiomeric 
S purity may be analyzed and CSPs with similar structures may be used for the next set of 

experiments. Thus, using the "virtual library" that was constructed with the example 
thousands of potential CSPs discussed above, a more focused set of CSPs can be selected 
that occupy similar "diversity space" as the CSP(s) that were successful in achieving 
20 resolution. This focused set of CSPs would then be used to further optimize the 
resolution, using the same process as described for the initial test mixtures. Based upon 
this analysis, the optimal CSP maybe found. 
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Once an optimal CSP is found, one may then optimize the other variables, such as 
choice of solvent, solvent percentages, etc. Referring to Figure 8A-8F, there is shown an 
additional flow chart of the sequence of steps in performing the preferred optimization 
routine. The program which executes the operation of the automated sequence of 

5 operations, as stated above, is resident either in RAM 68 or ROM 70. As shown at block 
104, the dissolved racemic mixture is dispersed into the wells. The racemic mixture may 
be dissolved in a small amount of solvent. Thereafter, the program determines the initial 
values of solvent concentrations and choice of solvents for the experiments. This is done 
so that the processor 64 can command the pipetting mechanism 74 to obtain the correct 

10 solvents and the appropriate amount of solvents for use in all of the wells. As shown in 
FIGS. 8A-5F, the total number of wells is designated as "X." As discussed above, one 
block 14 has, for example, 48 wells 16. Blocks with less or more wells may be used as 
well. 

The processor 64 then instructs the drive 28 to a particular x and y position to 
15 obtain the solvents, as shown at block 108. The pipetting mechanism 74 then stores the 
solvents in the dispenser of the drive of the synthesizer 12, as shown at block 110 of FIG. 
5. Then a loop is executed for each of the wells 16, with the well_number set equal to 1, 
as shown at block 1 12 of FIG. 5. The processor 64 moves the motor of the drive 28 to the 
X and y position of the well, as shown at 114, the solvent values and type of solvent is 
20 determined by the processor, as shown at 116, and the solvents are dispensed into the 
well, as shown at block 118 of FIG. 8 A. The solvent values and type of solvents are 
determined by a parameter look-up table 69 (which contains all of the relevant 
parameters for the experiment) in the memory of the microprocessor. The component 



McDonnell Boehnen 20 
Hulbert & Berghoff 
300 S. Wacker Dr. 
Chicago, IL 60606 



'I iminpnipnii 'iiii 



values and type of components are either based on operator input or based on the 
optimization scheme described subsequently. The well_number is incremented by 1, as 
shown at block 120 of FIG. 8B. If the well_number is greater than the total number of 
wells (X), then the loop is exited, as shown at block 122 of FIG. 8B. Otherwise, the flow 
5 chart of FIG. 8 A goes to block 114. Alternatively, rather than automatic obtaining and 
dispensing of the solvents, the operator may manually input the solvents into the wells. 

The well_mmiber is set equal to 1, as shown at block 124 of FIG. 8B. Then, the 
clock for the processor 64 is checked with the value stored as the startjime of the 
experiment, as shown at block 126. A loop is then entered to set the temperatures of each 
10 of the wells. The temperature is determined for each well (block 128) by the parameter 
look-up table 69. The temperature in the parameter look-up table 69 is either based on 
operator input or based on the optimization scheme described subsequently. The 
processor 64 sends a command to the temperature control system 18 to set the 
temperature value, as shown at block 130. The well_number is incremented by 1, as 
15 shown at block 132 of FIG. 8C. If the well_number is greater than the total number of 
wells (X), then the loop is exited, as shown at block 134 of FIG. 8C. Otherwise, the flow 
chart of FIG. 8C goes to block 128. Typically, the temperature of the wells is held at 
room temperature; however, one may modify the temperature if it is beheved to assist the 
separation of a given racemate. A predetermined amount of time is then waited, as 

20 shown at block 135. 

The well_number is set equal to 1, as shown at block 136 of FIG. 8D. The 
processor 64 signals the drive 72 of the robot 50 to move to an x and y position (block 
138), extract an aliquot from the well (block 140), and send the ahquot to the analyzer 
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(block 142). The analyzer 40 then analyzes the components of the aliquot, as shown at 
block 144, and sends the results to the processor 64. In one embodiment of the invention, 
at least one component from each of the wells 16 is removed, sent to the analyzer 40 and 
analyzed. For example, if optimization of chiral resolution is desired, aliquots of ttie 
5 solution in the wells m the collection plate 15 is analyzed to determine the magnitude of 
chiral resolution. One method for determining the magnitude of chiral resolution is 
measuring the amount of optical rotation. This may be performed by a polarimeter. 
Alternatively, a chiral HPLC machine may be used to determine the amount of chiral 
resolution. 

; j 10 The processor 64 examines the data from the analyzer 40, as shown at block 146. 

U Some analyzers perform this look-up table function itself and send the Ust of products 

U back to the processor. The processor stores the analysis in a newly-created table, as 

W shown at block 148, and continues obtaining data for each of the wells. The well_number 

i? is incremented by 1 , as show at block 150 of FIG. 8D. If the well_number is greater than 

i^f 15 total number of wells (X), then the loop is exited, as shown at block 152 of FIG. 8E. 
m Otherwise, the flow chart of FIG. 8D goes to block 138. 

The newly created table is then analyzed by the processor 64 in order to determine 
the suggested parameters for the next experiment. Using a program which utilizes the 
Monte Carlo method, for instance, the operator can define the space of parameters to be 
20 analyzed, run a series of random preliminary experiments in this space, defme a new 
space of parameters using the best of these preliminary experiments, run additional 
experiments in the new space and continue this process until no fiirther improvement is 
observed. For example, the operator defmes a space of parameters for each experiment 
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such as solvent ratios or concentrations, and then performs several preliminary random 
experiments using the synthesizer. The analyzer data based on separation of the racemic 
mixture are then stored in the computer as a parameter. Based on the preliminary 
parameters and the separation parameter, the program then utilizes the statistical method 
5 to generate a new space of parameters (e.g., choice of solvents, solvent percentages, etc.) 
for further experimentation. A new set of experiments are then performed with the new 
space of parameters and the result is then stored and processed by the Monte Carlo 
method as before. This process can be repeated until no further improvements in 
enatiomeric purity, for instance, are obtained. 
Q 10 Alternatively, a program which utilizes the SDO method generates a set of 

P experiments in all of the variables of interest for the operator. When these experiment has 

been run, the experiment that gave the worst result is identified among the set. This 
experiment is then discarded and replaced with a new experiment. When the replacement 

M 

|V: experiment has been run, the worst of the set is again identified and discarded. This 

15 process continues until no further improvement is observed. For example, the operator 
Rl performs prehminary experiments with the synthesizer using SDO variables of interest. 

For example, the enatiomeric purity data, in combination with the variables, are then 
analyzed by the program. The program would then eliminate the experiment with the 
worst result, e.g., worst enatiomeric purity, and generate a new proposed experiment. 
20 This process is repeated until no further improvements are obtained. Alternatively, if the 
determination of "success" or "failure" is solely based on enatiomeric purity, the 
experiment with the lowest purity is discarded and generate a new experiment. 
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Another method to analyze the data in the newly created table is by first 
determining the "weights" for each of the parameters, as shown at block 156. The 
parameters include, for example, the choice of solvents, the solvent percentages, the 
pressure and the temperature, for example. Prior to execution of the program, the 
5 operator assigns "weights" based on importance of each parameter. In this manner, the 
results of each of the wells can be assigned a total "score" by multiplying the parameters 
by the "weights" and adding them. Each of the results for an individual well can then be 
tallied, as shown at block 158. The well_number is set equal to 1, as shown at block 154. 
The well_number is incremented by 1, as shown at block 160 of FIG. 8E. If the 
G 10 well_number is greater than the total number of wells (X), then the loop is exited, as 
IB shown at block 162 of FIG. 8E. Otherwise, the flow chart of FIG. 8E goes to block 158. 

^ For parameters which are more desirable when they are lower in value, the result of 

^'^ multiplying the weight by the parameter can be inverted, and then added to the total to 

^1 determine the "score." 

L 15 The entries can then be arranged based on the score, as shown at block 164. The 

Ill processor 64 then displays the results of the raw data and the "scores," as shown at block 

166. At each step in the methodology, the display can be updated to inform the operator 
of the current experiment. For example, when the processor 64 commands or receives 
information from the synthesizer 12, the analyzer 40 or the robot 50, the display can be 
20 updated to indicate the current operation. 

Based on the highest ranked "score," the suggested bounds for the next set of 
experiments are determined 168, 170. For example, if the temperature of the 
crystallization is determined to be an important parameter, the temperature value of the 
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highest ranked "score" is used as a base value for the temperature bounds for the next set 
of experiments. The suggested parameters is then displayed to the operator, as shown at 
block 172. 

Commercially available computer programs can control the conditions utilized by 
5 the synthesizer, perform statistical analyses and design the next set of experiments to 
conduct the most effective DOE study. One such program is Design Expert by Stat Ease 
Corp. in MinneapoKs, Mmnesota, which uses a linear regression analysis. Specifically, 
the computer program can analyze the data obtained from the analyzer to generate 
common characteristics from the data (such as linear regression analysis). For example, 
10 where the optimal choice of solvents and solvent percentages are sought, the computer 
13 program may analyze, for a given stationary phase, the experiments with the most 

selective adsorption (i.e., selecting the top five experiments and analyze the solvents used 

0 

and the solvent percentages). Based on this analysis, the computer program may suggest 
5^ a new set of experiments in order to determine the optimal vahies for the choice of 

15 solvents and solvent percentages. Alternatively, the computer program may determine 
JiJ the "best" (based on established criteria) sample, or to determine the "worst" sample. 

The computer 42 can then correlate the data obtained and extrapolate to propose new 
experiments. The system may then iterate to subsequently confirm the proposed optimal 
conditions. Specifically, the computer program can take the common characteristics 
20 generated from the statistical analysis and propose new experiments based on the trends. 
Alternatively, the computer program can design a new set of experiments localized 
around the components/conditions of the "best" sample. Basically, a new and potentially 
more narrowly circumscribed set of parameters (including types of components, 
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concentrations of components, or environmental conditions) are programmed in the 
synthesizer and robotic arm, and the process is repeated. This procedure could iterate 
several times, until the optimal conditions are determined with the desired level of 
precision. Alternatively, the procedure could just be performed once, with the computer 
5 42 identifying which of the wells 16 had the most favorable conditions. 

Several types of methodologies may be used to design the next set of experiments 
including the Monte Carlo method, the SDO method, and the "weights" method. Using a 
program which utiUzes the Monte Carlo method, for instance, the operator can define the 
space of parameters to be analyzed, run a series of random preliminary experiments in 
10 this space, define a new space of parameters using the best of these preliminary 
experiments, run additional experiments in the new space and continue this process until 
no fiirther improvement is observed. 

Alternatively, a program which utilizes the SDO method generates a set of 
experiments in all of the variables of interest for the operator. When these experiments 
15 have been run, the experiment that gave the worst result is identified among the set. This 
K experiment is then discarded and replaced with a new experiment. When the replacement 

experiment has been run, the worst of the set is again identified and discarded. This 
process continues until no further improvement is observed. For example, the operator 
performs preliminary experiments with the synthesizer using SDO variables of interest. 
20 The data, in combination with the variables, are then analyzed by the program. The 
program would then eliminate the experiment with the worst result and generate a new 
proposed experiment. This process is repeated until no further improvements in product 
yield, for instance, are obtained. 
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This automated process development technology allows a vast array of data to be 

collected and interpreted. Many combinations of variables can be investigated in a short 

time period. Optimization using manual techniques may only find a local optimization or 

may be too time consuming. With the new automated technology presented here, a large 

5 number of statistical data points can be collected. In essence, a global optimization is 

foimd. The amount of data generated by this process is lunited only by the number of 

variables that can be envisioned for a given experiment. 

Automated Process Research coupled with statistical design of experiments is a 

useful tool for the identification of a better stationary phase and better solvents, 

fi 10 percentage solvents, etc. 

£ EXAMPLE AND DISCUSSION 

2 Example 1 

Automation Of Chiral Stationary Pliase (CSP) Screening 

:7 15 Introduction: This is an example of the work to automate the process of CSP screening 
1 to allow rapid screening of hundreds of CSPs efficiently and increase the speed of 

ChiralSelect™ services. 

^li Results and Discussion 

20 

Standards A and B: A stock solution of racemate NEA pivalamide (12.75 mg) was 
prepared by dissolving in hexane (10 mL) by sonication. Standard A solution was 
prepared by diluting the stock solution to 5x10"^ M solution. Standard B solution was 
obtained by diluting the stock solution to 1x10'^ M, Both standards A and B were used 
25 for the CSP analysis. 

Chiral Stationary Phases: The following ten CSPs were chosen for the study. 

1) Astec Chirobiotic T, 10 |im 

2) TBB-KROMASIL®-100°A 
30 3) DMB-KROMASIL®-100^A 

4) (S,S)ULMO 

5) KROMASIL®-ChiralPM821:n 

6) (R)Alpha-Burke 
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7) (R,R) Beta-Gem 

8) (S,S) Whelko-0 

9) (3R, 4S) Pirkle-1 J 

10) L-Leucine 

5 

Automated Screening: Each of these CSPs (10 mg) were weighed into 8mL SP 
cartridges and labeled. These cartridges were placed in a Bohdan Miniblock (rack), which 
was already defined on Gilson computer system. This rack was placed on Gilson 215 
Liquid Handler. NEA pivalamide standard A solution (1 mL) was dispensed into each of 
10 the SP cartridges. The rack was removed from the Liquid Handler, and shaken for 30 
minutes on an Orbital Shaker at room temperature. The solutions were drained into test 
tubes and decanted from test tubes into sample vials. Hexane was added to each sample 
vial to make up to the required volume (1.5 mL) for the HPLC analysis. The samples 
were submitted for HPLC analysis. 

15 

The procedure was repeated with NEA pivalamide standard B solution. 

1^ Results: The results of HPLC analysis are given below, along with the initial screening 

!□ results used in the prior art. 

p 20 



|i 


Commercial CSP's 


Initial Screening 
(1x10"" M) 
(Prior Art) 


Combi Screening Std. A 
(5x10"^ M) 


Combi Screening Std. 
(1x10'^ M) 


: 


Astec Chirobiotic T 


1.01 


1.68 


ND 




Kromasil TBB 


1.00 


1.03 


1.10 


UJ 

ill, 


Kromasil DMB 


1.01 


1.02 


1.05 




(S, S) ULMO 


1.02 


1.01 


1.07 




Kromasil chiral PM 


1.01 


1.03 


1.02 




(R) Alpha-Burke 


1.56 


1.46 


2.45 




(R, R) Beta-GEM 


1.89 


0.65 


0.93 




(S, S) Whelk-0 


34.84 


32.27 


100.00 




(3R, 4S) Pirkle 1J 


1.56 


0.95 


1.39* 




L-Leucine 


1.68 


1.70 


2.35* 



Conclusion: The results indicate that there is no significant difference between the initial 
screening using prior art methods and automated screening results. However, the SP 
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cartridges used were not effective in filtering silica gel. Automation using Gilson 215 
liquid handler worked without any problem. Incorporation of the following suggestions 
may enhance the efficiency of the process. 



ill 



5 Suggestions: 

I) The current demo SP cartridges were ineffective in filtering off the silica gel. SP 
cartridges with smaller pore size are required for this purpose, (which may slow 
down the process of filtration.) 

10 2) Because filtration with smaller pore SP cartridges will be slow, the step of 
shaking for half an hour may be eliminated. 

3) Instead of SP cartridges, fritted 48- or 96- well stationary phase plate may be 
used. 

4) The flitted 48- or 96- well stationary phase plate may be prepacked with unique 
1 5 chiral stationary phases. 

The sample required for the HPLC analysis is at least 1.5 mL. So, the st£uidard solution 

dispensed should be 1.5 - 2 ml to avoid the extra step of addition of more solvent to the 

test vials. This also avoids further dilution of the sample. 

20 Example 2 

Materials: 

NEA pivalamide Standard: A stock solution (1 x 10"^ ) of racemate NEA pivalamide 
(2.55 mg ) was prepared by dissolving in hexane (100 mL). 

25 

Chiral Stationary Phases: The following ten CSPs were chosen for the study. 

I I) Astec Chirobiotic T, 10 |am 

12) TBB-KROMASIL®-100 °A 

13) DMB- KROMASIL®-100 °A 
30 14)(S,S)ULM0 

15) KR0MASIL®-Chiral PM 821 :n 

16) (R)Alpha-Burke 

17) ^,R) Beta-Gem 

18) (S,S) WheIko-0 
35 19)(3R,4S)Pirkle-lJ 

20) L-Leucine 

96-well Plates: 
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Oros 96-well plates fitted with 7-micron flits and 40 micron frits. 



AUTOMATED SCREENING: 

5 Experiment: Each of the above CSPs (10 mg) was weighed into 2 mL wells of Oros 96- 
well plate fitted with 7-micron fiits and covered with 20-micron fiits snugly on top of 
CSP. 

Samples A: NEA pivalamide solution (1x10"^ M, 2 mL) was dispensed into each of the 
10 ten CSP wells and let drain gravitationally (-30 minutes) into Marsh 96-well collection 
plate placed under the Oros plate. The samples were transferred into glass sample vials 
and submitted for chiral HPLC analysis. 

The CSPs were washed with 20% solution of methanol in ethyl acetate (2x2 mL). 

15 

Samples B: The washed CSPs were treated again with NEA pivalamide solution (1x10""^ 
M) and the samples were submitted for chiral HPLC analysis. 

Results: The results from the HPLC analysis are given below. 

20 

SAMPLE A 

CSP Enantiomer#l Enantiomer#2 Enantioselectivity 



Al*-Astec Chirobiotic T 


5117 


4576 


1.12 


Al*-Astec Chirobiotic T 


5486 


2884 


1.90 


A2 Kromasil TBB 


811564 


812500 


1.00 


A2 Kromasil TBB 


815270 


798278 


1.02 


A3 Kromasil DMB 


853853 


852534 


1.00 


A3 Kromasil DMB 


849044 


856960 


0.99 


A4 (S,S) ULMO 


592179 


596572 


0.99 


A4 (S,S) ULMO 


592085 


596011 


0.99 


A5 Kromasil Chiral PM 


905180 


900838 


1.00 


A5 Kromasil Chiral PM 


918317 


920910 


1.00 


A6 (R)Alpha-Burke 


384957 


217959 


1.77 


A6 (R)Alpha-Burke 


374910 


215646 


1.74 


A7 (RJl) Beta-GEM 


95319 


218657 


0.44 


A7 (R,R) Beta-GEM 


87652 


219491 


0.40 


A8 (S,S) Whelk-0 


229016 
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A8(S,S)Whelk-0 233983 



A9 (3R,4S)Pirkle IJ 5825 39503 0.15 

A9 (3R,4S)Pirkle 1 J 4429 41813 0.11 

AlOL-Leucine 136294 60824 2.24 

AlOL-Leucine 133267 64026 2.08 



SAMPLE B 

CSP 

Bl-Astec Chirobiotic T 
Bl-Astec Chirobiotic T 

B2 Kromasil TBB 
B2 Kromasil TBB 

B3 Kromasil DMB 
B3 Kromasil DMB 

B4 (S,S) ULMO 
B4 (S,S) ULMO 

B5 Kromasil Chiral PM 
B5 Kromasil Chiral PM 

B6 (R)Alpha-Burke 
B6 (R)Alpha-Burke 

B7 (R,R) Beta-GEM 
B7 (R,R) Beta-GEM 

B8 (S,S) Whelk-0 
B8 (S,S) Whelk-0 

B9 (3R,4S)Pirkle IJ 
B9 (3R,4S)Pirkle 1 J 

BIO L-Leucine 
BIO L-Leucine 



Enantiomer #1 Enantiomer #2 Enantioselectivity 



1817 
1588 

739947 
739065 

782058 
770775 

415083 
409164 

784684 
782716 

89331 
88420 

128996 
128806 

9378 
9428 

ND 
ND 

30896 
31479 



1347 
1213 

736501 
735342 

777274 
763364 

405852 
405176 

785289 
774252 

24500 
25890 

196120 
194508 

ND 



ND 
ND 

7245 
6075 



1.35 
1.31 

1.00 
1.01 

1.01 
1.01 

1.02 
1.01 

1.00 
1.01 

3.65 
3.42 

0.66 
0.66 



4.26 
5.18 



Conclusion: 
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The experiments with Oros plates pre-packed with CSPs are successful. The 
results were reproducible and consistent with the results obtained using other 
conventional methods. This new method of screening is simple and has the following 
advantages over the traditional methods that are currently practiced: 

1) No incubation of racemate with the CSPs is required. 

2) No shaking or agitation is needed. 

3) Use of 96- or 48-well plate and corresponding 96- or 48-well collection plates 
reduces the number of steps in processing the samples. 

4) The collection plate can be directly fed into HPLC analysis system, removing 
the requirement of manual transfer of the samples into 2mL glass vials that are 
usually required for HPLC analysis, 

5) The pre-packed CSP-plates can be used several times by implementing a 
washing protocol. 

It is intended that the foregoing detailed description be regarded as illustrative 
rather than limiting and that it is understood that the following claims, including all 
equivalents, are intended to define the scope of the invention. 
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